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Abstract
The invention provides Bean pod mottle virus (BPMV) vectors useful for expression of heterologous proteins
in plants such as soybean. The BPMV vectors are also useful for virus-induced gene silencing. The vectors of
the invention include modifications of BPMV RNA1 sequences so that infection with the vectors produces
only moderate symptoms. The vectors also comprise novel RNA2 vectors which specifically provide for non-
translated VIGS constructs and further which do not require in frame insertion of heterologous sequences to
be expressed.
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Section 1 
(1) 1 1O 2O 3O 40 5-0 60 7Q 80 
((-67 (1) —————————————————————————————————————————————————————————————————————————————— - 
pBPMv.R1A (1) TATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGAC’IGGGAAAACCCTGGCGTTACCCAACTTAA 
Consensus (1) 
Section 2 
(81) 81 90 100 110 120 130 140 150 160 
K-G? (1) ---------------------------------------------------------------------- “ 
pBPM\/.R1A (81) TCGCCT'1‘GCAGCACATCCCCC'1‘TTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGA'I'CGCCCTTCCCAACAGTTGC 
Consensus (81) 
Section 3 
(16“ 161 170 180 190 200 210 220 230 240 
K-G7 (1) —————————————————————————————————————————————————————————————————————————————— -— 
pgPM\/_R1A (151) SCAGCCTGAATGGCGAATGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGG'IGTGGTGGTTACGCGCAGCGTGACCG 
Consensus (161) 
Section 4 
' 241 250 260 270 ‘280 ‘290 ‘30G 310 320 (241 ) < 
1 pgpmvf‘imGz (24(4;CTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCC'1'TTC'ICGCCACGTTCGCCGGCTTTCCCCGT 
Consensus (241) 
Section 5 
(321) 321 330 340 350 ‘360 370 380 ,390 400 
1 KC? ( ) ------------------------------------------------------------------------------ - 
pBPM\/.R1A CAAGC'1‘CTAAATCGGGGGCTCCCTT'I'AGGG'ITCCGATTTAGTGC'1'TTACGGCACCTCGACCCCAAAAAACTTGATTAGGG 
Consensus (321 1 
Section G 
(401 ) 401 41G 4-20 4-30 A40 A50 4 60 A 70 480 
1 K-GT ( ) ------------------------------------------------------------------------------ ~ 
pBpMv.R1A (401) TGATGGTTCACGTAG'I‘GGGCCATCGCCCTGA'X’AGACGGTTT'X’TCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTG 
Consensus (401 ) 
Section 7 
(481) 481 49G 500 510 4520 530 540 ,550 560 
K-GT (1) ------------------------------------------------------------------------------ ~ 
GACTC'1‘TGTTCCAAAC'RGGAACAACAC'I’CAACCCTATCTCGG’I'CTAT'I‘CTTTTGATTTATAAGGGATTTTGCCGATT'PCG 
Consensus (481) 
Section 8 
(561) 561 ,570 580 590 ,600 ,610 ,620 ,630 640 
KG? (1) - ~ ~ ~ ~ - ~ ~ ~ ~ — ~ ~ ~ ~ - ~ ~ — — — ~ ~ — — — ~ ~ — — » ~ ~ ~ ~ - ~ ~ ~ ~ - ~ - - - - ~ ~ - - - - - - - _ _ ~ _ _ _ - _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ __ 
pBPM\/_R1A GCCTATTGGTTAAAAAATGAGCTGA'I'TTAACAAAAATTTAACGCGAATTTTAACAAAATA'I'TAACGCTTACAATTTCCTG 
Consensus (561) 
Section 9 
(641‘) 641 ,650 660 670 680 1590 1'00 110 720 
K~G7 (1) ------------------------------------------------------------------------------ ~ 
Section 10 
(721') 721 ,7130 1'40 1'50 760 TFO ,780 ‘790 800 
K~G7 (1) —————————————————————————————————————————————————————————————————————————————— ~ 
PBpM\/_R1A (721) CGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTC'I'GCTCCCGGCATCCGCTT 
Consensus (721) 
Section 11 
(301 J 801 ,810 820 830 B40 B50 ,860 ,870 880 
K-G7 (1) - - - ~ ~ - - - ~ ~ — — - ~ ~ — — - — - — — - — - — — — - - — — — - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ . . _ _ . . . . _ _ _ __. 
(801') ACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCA‘I'CACCGAAACGCGCGAGACGAAAG 
Consensus (801) 
FIG. 
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Section 12 
(881) 881 900 910 920 030 940 850 960 
K-G7 r11 ——————— -—‘ ————————————————————————————————————————————————————————————————————— ~ 
GGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACG'I'CAGGTGGCACT'I’TTCGGGG 
Consensus (881) 
Section 13 
(95119761 777777777 ,7 970 ~ ~ 7,990 1000 1010 020 1030 1040 
K_G7 1 .__ ._. 2 . .__ .__ .__ ..., ,._,_ .__ .. _ ._, 
pBPMV-R1A 
Consensus (961) 
Section 14 
(1941) 1041 1050 1060 107 1080 1000 1100 1110 1120 
KG? (1) ------------------------------------------------------------------------------ __ 
AAA'I'GC'X’TCAATAA'I‘ATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCG'I'GTCGCCCTTATTCCCTTTTTTGCGGCA 
Consensus (1041) 
Section 15 
mg“ 1121 1130 1140 1150 1160 1170 1180 1100 1200 
K-G7 m —————————————————————————————————————————————————————————————————————————————— — — 
(1121) 'I‘TT'I'GCC'l'TCCTGTT'l'TTGCTCACCCAGILAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGG 
Consensus (1121) 
Section 16 
(1201) 1201 1210 1220 1230 1240 1250 1260 1270 1280 
K-G7 (1) - - ~ - - - ~ - — - ~ — — — - - — — ~ — — — - - — — - - — — - - — — - - - — - - - - - - - - - - - - - - - _ - - _ - - - _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ __ 
pBPM\/_R1A (1201) ‘1"I'ACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTT 
Consensus (1201) 
Section 17 
(1231) 1281 1290 1300 1310 (1320 1330 1340 1360 1360 
K-G? m ------------------------------------------------------------------------------ ~ 
pBPMV-R1A (1281) TTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCT 
Consensus (1281) 
Section 18 
(1361) 1361 1370 1380 1390 14-00 1410 1420 1430 1440 
1 K-G7 1 ) ------------------------------------------------------------------------------ -_ 
pBPM\/_R1A (1361) CAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCA'ICTTACGGA'I'GGCATGACAGTAAGAGAATTATGCAGTGC 
Consensus (1361) 
Section 19 
(1441) 1441 1450 1460 1470 v1 430 1400 ,1 500 1510 1520 
1 K-G7 ( 1 —————————————————————————————————————————————————————————————————————————————— ~ 
TGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTT 
Consensus (1441) 
7 Section 20 
(1521) 1521 1530 1540 ,1 550 1560 1570 1580 1590 1600 
1 K~G7 ) ------------------------------------------------------------------------------ ~ 
DBPMVRMA (1521) 'I’GCACAACATGGGGGATCATGTAAC'I‘CGCC'I‘TGATCG'I’TGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGT 
Consensus (1521) 
Section 21 
(1601) 1601 1610 1620 ‘1630 ,1640 ‘1650 1660 1670 1680 
1 
Consensus (1601) 
Section 22 
(1531) 1681 1690 ‘1700 1710 1720 1730 1740 ,1 750 1760 
KG? (1) —————————————————————————————————————————————————————————————————————————————— - — 
PBPMV.R1A (1531) ACAATTAATAGAC'I‘GGATGGAGGCGGATAAAGTTGCAGGACCAC'I'TCTGCGCTCGGCCCTTCCGGC TGGCTGG'I'TTATTG 
Consensus (1681) 
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Sec1ion23 
(1761) 1761 .1770 1780 1790 1800 1810 ‘1820 ‘1830 1840 
K~G7 ' (1) ------------------------------------------------------------------------------ " 
PBPMVRM (1761) CTGA'X'AAATCTGGAGCCGG'I‘GAGCGTGGG'I‘CTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCG'X'ATC 
Consensus (1761) 
Section 24 
((841) 1841 .1850 1880 1870 1880 1890 ‘1900 ‘1910 1920 
K~G7 “ (1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
p5pMv.R1A (1341) GTAGTTATCTACACGACGGGGAGTCAGGCAAC‘YATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGAT 
Consensus (1841) 
V Seckion 25 
(1921) 1921 .1930 1940 1950 1900 1970 1980 ,1990 2000 
K~G7 (1) ------------------------------------------------------------------------------ ~ 
pBpM\/_R1A (1921) TAAGCATTGGTAAC'I'GTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGA 
Consensus (1921) 
Section 26 
(2001) 2001 2010 2020 2030 2040 2050 2060 2070 2080 
> 1 K-G7 ( ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “ 
p5PM\/_R1A (2661)'I'CTAGGTGAAGATCCTTTTTGATAATCTCA'I'GACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCG'I'CAGACCCC 
Consensus (2001) 
Section 27 
(2081) 2081 2090 2100 2110 2120 2130 2140 2150 2150 
K-G7 m ------------------------------------------------------------------------------ ~ 
GTAGAAAAGA'I'CAAAGGATCTTCTTGAGATCCTTT'I'TTTCTGCGCGTAATC‘I’GCTGCTTGCAAACAAAAAAACCACCGCT 
Consensus (2081) 
Section 28 
220 2230 2240 
pBpMvRm (216(1)ACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTT'I'I'CCGAAGGTAACTGGC'I‘TCAGCAGAGCGCAGATAC 
Consensus (2161) 
Section 29 
(2241) 2241 2250 2260 2270 2280 2290 2300 2310 2320 
KC? 1 ------------------------------------------------------------------------------ - - 
pBpMv.R1A (22151: CAAA'I’ACTGT'I'CTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGC'I'CTG 
Consensus (2241) 
Section 30 
(2321 ) 2321 2330 2340 2350 2360 2370 2380 2390 2400 
1 K-G7 ------------------------------------------------------------------------------ - - 
Section 31 
(240;) 2401 2410 2420 2430 2440 2450 2460 2470 2480 
1 KC? ( ) ------------------------------------------------------------------------------ ' 
pBPMV-R‘IA TAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGAT 
Consensus (2401) 
Section 32 
(2481 ) 2481 2490 2500 2510 2620 2630 72540 2550 2660 
K-G? m ------------------------------------------------------------------------------ " 
ACCTACAGCG'I‘GAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTA'I'CCGG'I'AAGCGGCAGGGTC 
Consensus (2481) 
Section 33 
(256 1 ) 2561 2570 2580 2590 2600 2610 2620 2630 2640 
KC? (1) —————————————————————————————————————————————————————————————————————————————— e - 
(2561) GGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTG'ICGGGTTTCGCCACCTCTG 
Consensus (2561) 
HQ. 95 
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Section 34 
(2641 ) 2641 2650 2660 42670 2680 2690 2700 2710 2720 
1 
Consensus (2643) 
Section 35 
(272“ 2721 2730 2740 2750 2760 2770 2730 2790 2800 
1 K-G7 ( 3 ~ ~ ~ - ~ ~ ~ — ~ ~ ~ ~ > ~ ~ — — ~ ~ — — — ~ ~ — — - ~ ~ — — ~ ~ ~ - » ~ - - - - ~ - - - ~ - - - - _ _ _ _ _ _ _ _ > _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 
'I’CCTGGCC'I’TTTGCTGGCCTTT'I’GCTCACATGTTCTTTCCTGCGT'I’ATCCCCTGATTCTGTGGATAACCGTATTACCGCC 
Consensus (2723') 
Section 36 
(2801 3 2801 2810 2820 2830 2840 2850 2860 2870 2880 
1 K-G7 ( ) ______________________________________________________________________________ _o 
'l'TTGAGTGAGCTGA'I'ACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAG'I'CAGTGAGCGAGGAAGCGGAAGAGCGCCC 
Consensus (2801) 
Section 37 
(2883 -, 2881 2890 2900 2910 2920 2930 ‘2940 ‘2950 2960 
K-G7 (1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __ 
pBPM\/_R1A (2881) AATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCAT‘I'AATGCAGCTGGCACGACAGGT’PTCCCGAC’I'GGAAAGCGG 
Consensus (2881) 
Section 38 
(2961) 2961 72970 2980 2990 3000 3010 3020 3030 3040 
K-G7 (M ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H 
p5pMv.R1A (2951') GCAGTGAGCGCAACGCAATTAATGTGAGT'JJAGCTCACTCATTAGGCACCCCAGGCTT'I‘ACAC'I'TTATSCTTCCGGCTCGT 
Consensus (2961) 
Section 39 
43070 3080 3090 3100 5110 3320 (3041) 3041 3050 3060 
pBpMv~R1A (3041) ATG'I‘TG'IGTGGAATTG'I'GAGCGGATAACAA'I'TTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTATTTAGGTG 
Consensus (3043) 
Section40 
(3121) 3121 3130 3140 $150 3160 .3170 3130 3190 3200 
1, DBPN1VE<R$A7 (312(1)) ACACTATAGAATACTCAAGCGGCCGCCTACTCCAAGAATATCAAAGATACAGTC'I’CAGAAGACCAAAGGGCTATTGAGAC 
Consensus (3121) 
Section 41 
(320;) 3201 ‘3210 3220 3230 3240 ‘3250 ‘3260 ‘3270 3280 
pgpMv?z? (326;; 'l'TTTCAACAAAGGG'I'AATATCGGGAAACCTCCTCGGA'I'TCCATTGCCCAGC'I'ATCTGTCACTTCA'I'CAAAAGGACAGTAG 
Consensus (3201) 
7 Section 42 
(3231 3 3281 ‘3290 3300 3310 3320 3330 3340 3350 3360 
Consensus (3281) 
Section 43 
(3361) 3361 3370 3380 3390 3400 3410 3420 3430 3440 
K-GT (M ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H 
p5pMv.R1A (3351') CCCAAAGATGGACCCCCACCCACGAGGAGCATCG'I‘GGAAAAAGAAGACGTTCCAACCACGTC'I'TCAAAGCAAGTGGATTG 
Consensus (3361) 
Section 44 
5510 3520 
Consensus (3443) 
FIG. 9 















































































































